Abstract.' The cyclic prefix system is commonly employed for channel equalization in discrete multitone systems. The system allows one to perform bit and power allocation in the subbands of the channel. In the DMT system, the input symbol stream, typically binary, is parsed into several substreams which are then communicated over different subbands of the channel. In this paper we emphasize that the cyclic prefix can actually be used in a broader setting. For example, if we have to transmit a simple symbol stream belonging to a PAM constellation we can use the cyclic prefix directly on this stream. More generally, the idea is applicable t o the problem of compensating any linear distortion with additive noise. We derive the optimal power allocation formula for the case of a nonflat channel with possibly colored noise.
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I. INTRODUCTION
The cyclic prefix system is commonly employed for channel equalization in discrete multitone systems [7] . These systems are used for communication on twisted pair channels in telephone cables [ 11, [8] . The system allows one to perform bit and power allocation in the subbands of the channel. The implementation is based on the DFT, and is therefore very efficient. In the DMT system, the input symbol stream, typically binary, is parsed into several substreams which are then communicated over different subbands of the channel. The substreams typically have different bit rates representing constellations of different sizes, and there exist standard techniques for optimal power allocation across the subchannels [8] .
In this paper we emphasize that the cyclic prefix can actually be used in a broader setting (Sec. 11, 111). For example, if we have to transmit a simple symbol stream belonging to a PAM constellation we can use the cyclic prefix directly on this stream. The problem of power allocation becomes very different in this case as explained in Sec. IV. In Sec. V we derive the optimal power allocation formula for the case of a nonflat channel with possibly colored noise. Examples are presented in Sec. VI comparing the optimal cyclic prefix equalizer with the traditional zero-forcing equalizer. It will be assumed throughout the paper that the channel is an FIR system 
CYCLIC-PREFIX REVIEW
In this section we place the cyclic prefix system in a broader perspective so that its wider applicability becomes clear. 
Thus the implementation of the communication system with cyclic prefix can be represented as shown in Fig. 3 . The box labelled "blocking" is a serial to parallel converter (and "unblocking" converts from parallel to serial). 2), we can draw a schematic version of Fig. 3 as shown in Fig. 4(a) . As W-' is the inverse of AF'WC, we can redraw the system as in Fig. 4(b) . In the first version the receiver has all the complexity whereas in the second version the IDFT is done at the transmitter, as in traditional DMT systems.
We can choose M to be a power of two and implement W and W-' using radix-2 FFT.
In the next section we take channel noise into account.
If C ( z ) has zeros close to the unit circle, then some of the 2We use the standard notation W = e -j 2 n / M . at the transmitter. Second, there is a diagonal matrix Ap.
Before explaining the purpose of these, notice first that as far as the signal path is concerned, the matrices U and Ut cancel. So do A p and A,'.
The matrices A,' and u affect the way the receiver processes channel noise. They can be chosen to maximize the signal to noise ratio at the detector. The matrix A p also affects the distribution of signal power on the channel. We will see that the diagonal elements p k of the diagonal matrix Ap allow us to allocate power in various subbands of the channel, based on the channel gain and noise in subbands. Before proceeding to the details we first explain the purpose of the unitary matrix u. Schematic showing more details.
IV.l. Making The Noise Variance Time Invariant
Our goal is to choose Ap such that the SNR at the detector is maximized for fixed power input to the channel. 
The signal to noise ratio at the detector is therefore 
V. OPTIMIZING SNR
It remains to optimize the SNR (4) under the power constraint (6). This is a standard problem which can be solved using a Lagrange variable, and the result is Substituting into €Cq. ( 4 ) we obtain We compare this system with the traditional zero-forcing equalizer shown in Fig. 6 . With See(e3") denoting the power spectrum of e ( n ) , the signal to noise ratio is:
Comparing with &. (7) we see that the improvement is 
VI. EXAMPLES AND CONCLUDING REMARKS
Consider a channel with order L = 8 and coefficients
~( n )
given by 1.0000, -0.1379, 0.7222, 0.7183, 0.2759, 0.0423,0.3647, -0.0877, and 0.0631. All the zeros are inside the unit circle but there is a complex conjugate pair with radius close to unity (= 0.9755). The channel noise e(.) was assumed to have autocorrelation az(0.3)lkl. We assume that s(n) is an iid sequence coming from a 64-QAM constellation. Figure 7 shows the scatter diagram at the receiver, assuming M = 256. Results for the traditional equalizer ( Fig. 6 ) and equalizer with optimized p k (Sec. V) are shown. The SNR at the channel output was fixed as 33 dB for both cases. The robabilities of error in Fig.   7 are 0.05 (top) and 7.8 x 10-! (bottom). In this example the optimized gain was gopt = 4.9282. In this example, if we use pk = constant for all k, then the cyclic prefix system and the traditional equalizer Fig. 6 have nearly identical receiver SNR. Thus all the improvement comes because of optimization of p k . As explained in Sec. I11 the cyclic prefix system has advantages over the traditional equalizer (even when all pk are identical) if C ( Z ) has some zeros outside the unit circle.
In conclusion, it appears that the cyclic prefix system can have broader applications in channel equalization. Note that the power allocation (optimization of p k ) is very different from the water pouring solution in DMT systems for bit rate maximization [3] . Figure 7 . Results of equalization. Top: ideal zero forcing equalizer (Fig. 6) . Bottom: optimal multipliers { p k } .
